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METHOD FOR ENHANCING SPECIFIC synthetic disaccharides ( MSD ) , peptide / protein inhibitor 
IMMUNOTHERAPIES IN CANCER agents ( PIA ) , peptidomimetic agents ( PMA ) , galectin - spe 

TREATMENT cific antibodies ( GSA ) or small organic molecules ( SOM ) or 
a combination of any of the foregoing . 

RELATED APPLICATIONS 5 In some embodiments , the specific GRG , GA - RG , GM , 
MSD , PIA , PMA , GSA , or SOM compounds can have the 

This application claims the benefit of and priority to U . S . ability to interact with various domains of the class of 
Provisional Application Ser . No . 61 / 701 , 914 , filed Sep . 17 , galectin proteins , which includes galectins 1 through 15 , and 
2012 . U . S . Provisional Application Ser . No . 61 / 756 . 818 . thereby inhibit , enhance or modulate their function . 
filed Jan . 25 , 2013 , and U . S . Provisional Application Ser . 10 In some embodiments , the specific GRG , GA - RG , GM , 
No . 61 / 759 , 532 , filed Feb . 1 , 2013 , the entire disclosure of MSD , PIA , PMA , GSA , or SOM compounds can have the 
each of which is incorporated herein by reference in their ability to interact with various domains of the galectin - 3 
entireties . protein , including but not limited to the S - and F - face of the 

carbohydrate recognition domain and the N - terminal 
FIELD OF THE INVENTION 15 domain , and thereby inhibit its interaction with natural 

ligands which inhibits galectin - 3 function . 
Methods and compositions of the invention relate to the In some embodiments , the specific GRG , GA - RG , GM , 

enhancement of specific immunotherapies in cancer treat MSD , PIA , PMA , GSA , or SOM compounds can have the 
ment . ability to interact with various domains of the galectin - 1 

20 protein , including but not limited to the carbohydrate rec 
BACKGROUND OF THE INVENTION ognition domain and the dimerization domain , and thereby 

inhibit its interaction with natural ligands which inhibits 
The immune system recognizes foreign antigens and galectin - 1 function . 

orchestrates a coordinated response involving multiple cell In some embodiments , the compound can be a polysac 
types that results in eliminating the foreign antigens or the 25 charide chemically defined as galacto - rhamnogalactura 
pathogen or cell that expresses the foreign antigens . The onate ( GRG ) , a selectively depolymerized branched het 
immune system is crucial for protection from invading eropolymer whose backbone is predominantly comprised of 
microorganisms , including but not limited to bacteria , 1 , 4 - linked galacturonic acid ( GalA ) moieties , with a lesser 
viruses , and parasites and surveillance for and removal of backbone composition of alternating 1 , 4 - linked GalA and 
abnormal or mutated cells ( cancer ) . This system also pro - 30 1 , 2 - linked rhamnose ( Rha ) , which in - turn is linked to any 
vides an obstacle in therapeutic interventions by reaction to number of side chains , including predominantly 1 , 4 - b - D 
insertion of medical devices into the body or transplantation galactose ( Gal ) with lesser amounts of 1 , 5 - a - L - arabinose 
of heterologous organs or cells . ( Ara ) residues . Other side chain minor constituents may 

In addition to the baseline functions of the immune include xylose ( Xyl ) , glucose ( Glu ) , and fucose ( Fuc ) or 
system in protecting the host animal , there is great promise 35 combinations thereof . 
for modulating the immune system for the benefit of treating I n some embodiments , the GRG compound can be pro 
disease . In this regard , harnessing the patient ' s own immune duced as described in U . S . Patent Application Publication 
system to attack and treat the patient ' s cancer can be a very No . 2008 / 0107622 , now U . S . Pat . No . 8 , 236 , 780 , which is 
promising therapeutic approach for many different types of incorporated expressly by reference for all purposes . 
cancer . 40 In some embodiments , the GRG compound can be pro 

Despite recent successes of immunotherapy for treatment duced as described in U . S . Pat . Nos . 8 , 128 , 966 , 8 , 187 , 624 , 
of cancer , the response of human tumors is variable among U . S . Patent Application Publication Nos 2012 / 0315309 and 
individuals and in those where it works , it is often only 2012 / 0309711 which are incorporated expressly by refer 
partially successful . ence for all purposes . 

There is a need , therefore , for approaches that can 45 In some embodiments , the compound can be a polysac 
enhance the ability of immunotherapies to treat cancers . charide chemically defined as galactoarabino - rhamnogalac 

turonate ( GA - RG ) , a selectively depolymerized , branched 
SUMMARY OF THE INVENTION heteropolymer whose backbone is predominantly comprised 

of 1 , 4 - linked galacturonic acid ( GalA ) and methyl galac 
Aspects of the invention relate to novel approaches to 50 turonate ( MeGalA ) residues , with a lesser backbone com 

boost immune function using a complex carbohydrate phar - position of alternating 1 , 4 - linked GalA and 1 , 2 - linked rham 
maceutical compound alone or in combination with other nose ( Rha ) , which in - turn is linked to any number of side 
targeted immunotherapy that may increase the efficacy of chains , including predominantly 1 , 4 - b - D - galactose ( Gal ) 
immunotherapy of cancer . and 1 , 5 - a - L - arabinose ( Ara ) residues . Other side chain 
Aspects of the invention relate to compositions , methods 55 minor constituents may include xylose ( Xyl ) , glucose ( Glu ) , 

of using and methods of manufacturing compositions and fucose ( Fuc ) or combinations thereof . 
capable of boosting the immune function . Aspects of the invention relate to methods comprising ( a ) 

Other aspects of the invention relate to methods of obtaining a composition for parenteral or enteral adminis 
treating a subject in need thereof . In some embodiments , the tration comprising a galactoarabino - rhamnogalacturonate 
method comprises the step of obtaining a composition for 60 comprising a 1 , 4 - linked galacturonic acid ( GalA ) and 
intravenous , subcutaneous , other routes of parenteral , or oral methyl galacturonate ( MeGalA ) residues backbone linked to 
administration , the composition comprising a compound in branched heteropolymers of alternating oligomers of a - 1 , 2 
an acceptable pharmaceutical carrier and administering the linked rhamnose and a - 1 , 4 - linked GalA residues , the rham 
composition to a subject in need thereof . nose residues carrying a primary branching of oligomers of 

In some embodiments , the compound can be one of 65 1 , 4 - B - D - galactose residues , 1 , 5 - a - L - arabinose residues , or 
galacto - rhamnogalacturonate ( GRG ) , galactoarabino - rham - combinations thereof , and a therapeutically effective amount 
nogalacturonate ( GA - RG ) , galactomannan ( GM ) , modified of an immune modulatory agent ; in an acceptable pharma 
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ceutical carrier ; and ( b ) administering to a subject in need In some embodiments , the GRG , GA - RG , GM , MSD , 
thereof an effective dose of the composition that results in PIA , PMA , GSA , or SOM compounds described herein can 
one or more of the following : at least 10 % increase in the be used in combination with a therapeutically effective 
activation of CD8 + T - cells , CD4 + T - cells , or CD8 + T - cells amount of monoclonal antibody , peptide or other agent that 
and CD4 + T - cells , at least 10 % increase of tumor - antigen 5 binds to lymphocyte inhibitory ligands or receptors and act 
specific CD8 + or CD4 + T - cells ; at least 10 % decrease in as either antagonists or agonists of lymphocyte inhibition . 
tumor size , at least 10 % decrease in size of metastases , at Inhibitory receptors can include , but are not limited to , 
least a 10 % decrease in number of metastases , a reduction of CTLA - 4 and LAG - 3 ( Lymphocyte - activation gene 3 ; also 
total tumor burden when compared to a control subject designated as CD223 ) . Inhibitory ligands can include , but 
treated with the therapeutically effective amount of the 10 are not limited to , CD80 and CD86 . 
immune modulatory agent alone . In some embodiments , the In some embodiments , the GRG , GA - RG , GM , MSD , 
subject in need thereof is a subject having cancer . In some PIA , PMA , GSA , or SOM compounds described herein can 
embodiments , the step of administering results in at least a be used in combination with a therapeutically effective 
50 % reduction of the total tumor burden in the subject so as amount of monoclonal antibody that binds to CTLA - 4 
to treat cancer . 15 ( anti - CTLA4 ) . 

In some embodiments , in the step of obtaining the galac - In some embodiments , the GRG , GA - RG , GM , MSD , 
toarabino - rhamnogalacturonate , the 1 , 4 - linked galacturonic PIA , PMA , GSA , or SOM compounds described herein can 
acid and methyl galacturonate residues backbone can rep be used in combination with a therapeutically effective 
resent between 55 to 85 molar percent of the total carbohy - amount of monoclonal antibody , peptide or other agent that 
drate molar content , the branched heteropolymer of alter - 20 binds to the tumor necrosis factor receptor ( TNFR ) super 
nating a a - 1 , 2 linked rhamnose and a a - 1 , 4 - linked GalA family of receptors or their ligands which are expressed on 
residues can represent between 1 and 6 molar percent of the lymphocytes and act as either antagonists or agonists of 
total carbohydrate molar content , the oligomer 1 , 4 - B - D - lymphocyte co - stimulation . Members of the TNFR super 
galactose of the primary branching can represent between 6 family of receptors can include , but are not limited to , 
to 15 molar percent of the total carbohydrate molar content 25 CD134 , also known as OX40 , CD27 , and 4 - 1 BB and TNFR 
and the oligomer 1 , 5 - a - L - arabinose of the primary branch - receptor ligands which include but are not limited to OX40L 
ing can represent between 2 to 8 molar percent of the total and CD70 , and 4 - 1BBL ( CD137L ) . 
carbohydrate molar content , as characterized by gas chro In some embodiments , the GRG , GA - RG , GM , MSD , 
matography / mass spectrometry . PIA , PMA , GSA , or SOM compounds described herein can 

In some embodiments , the galactoarabino - rhamnogalac - 30 be used in combination with a therapeutically effective 
turonate can have an average molecular weight ranging from amount of monoclonal antibody that binds to OX40 ( anti 
20 kDa to 70 kDa . In some embodiments , the galactoara - OX40 ) . In some embodiments , the GA - RG or GM com 
bino - rhamnogalacturonate further comprises xylose , glu - pounds described herein can be used in combination with a 
cose , fucose residues or combination thereof . therapeutically effective amount of recombinant OX40L or 

In some embodiments , the compound can be a peptidel 35 other agonists of OX40 . 
protein inhibitor agent ( PIA ) that may bind to galectin and In some embodiments , the GRG , GA - RG , GM , MSD , 
inhibit galectin function . In some embodiments , the peptide ! PIA , PMA , GSA , or SOM compounds described herein can 
protein inhibitor agent can include , but not limited to ang - be used in combination with a therapeutically effective 
inex . Anginex can be produced , in some embodiments , as amount of monoclonal antibody that binds to PD - ligands 
described in U . S . Pat . No . 6 , 770 , 622 , which is incorporated 40 ( anti - PD - L1 and PD - L2 ) . 
expressly by reference for all purposes . In some embodiments , the GRG , GA - RG , GM , MSD , 

In some embodiments , the compound can be a peptido - PIA , PMA , GSA , or SOM compounds described herein can 
mimetic agent ( PMA ) that can bind to galectin and inhibit be used in combination with a therapeutically effective 
galectin function . In some embodiments the PMA can be , amount of monoclonal antibody that binds to PD - 1 ( anti 
but is not limited to OTX - 008 ( also known as PTX - 008 ) . In 45 PD - 1 ) . 
some embodiments , the peptidomimetic agent can include , In some embodiments , the GRG , GA - RG , GM , MSD , 
but not limited to , the PMA produced as described in U . S . PIA , PMA , GSA , or SOM compounds described herein can 
Pat . No . 8 , 207 , 228 , which is incorporated expressly by be used in combination with a therapeutically effective 
reference for all purposes . amount of monoclonal antibody , peptide or other agent ( s ) 

In some embodiments , the compound can be a galectin - 50 that modifies activation or function of dendritic cells thereby 
specific antibody ( GSA ) , including but not limited to a altering antigen processing or response . 
monoclonal antibody that binds to and inhibits galectin - 3 or In some embodiments , the GRG , GA - RG , GM , MSD , 
other members of the galectin family of proteins . PIA , PMA , GSA , or SOM compounds described herein can 

In some embodiments , the compound can be a small be used in combination with a therapeutically effective 
organic molecule ( SOM ) that can interact with various 55 amount of a cancer vaccine . In some embodiments , the 
domains of galectin molecules including , but not limited to , GRG , GA - RG , GM , MSD , PIA , PMA , GSA , or SOM 
the carbohydrate binding domain and the protein dimeriza - compounds described herein can be used in combination 
tion domain . with a therapeutically effective amount of a tumor - antigen 

In some embodiments , the GRG , GA - RG , GM , MSD , directed vaccine . 
PIA , PMA , GSA , or SOM compounds described herein can 60 In some embodiments , the GRG , GA - RG , GM , MSD , 
be used in combination with a therapeutically effective PIA , PMA , GSA , or SOM compounds described herein can 
amount of monoclonal antibody , peptide or other agent that be used in combination with a therapeutically effective 
binds to lymphocyte co - stimulatory ligands or receptors and amount of a vaccine used for the purpose of treating or 
act as either antagonists or agonists of co - stimulation . Co - preventing an infectious disease . 
stimulatory receptors can include , but are not limited to , 65 In some aspect of the invention , the method of treating 
CD28 and ICOS . Co - stimulatory ligands can include , but are cancer comprises ( a ) obtaining a composition for parenteral 
not limited to , CD80 , CD86 , and ICOS ligand . or enteral administration comprising a galactoarabino - rham 
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nogalacturonate in an acceptable pharmaceutical carrier , the peutically effective amount of the immune modulatory agent 
galactoarabino - rhamnogalacturonate comprising a 1 , 4 - alone . In some embodiments , the step of administering can 
linked galacturonic acid ( GalA ) and methyl galacturonate result in at least a 50 % reduction of the total tumor burden 
( MeGalA ) residues backbone linked to branched heteropo backbone linked to branched heteropo - in the subject so as to treat cancer . 
lymers of alternating oligomers of a C - 1 , 2 linked rhamnose 5 In some embodiments , the immune modulatory agent can 
and a 4 - 1 , 4 - linked GalA residues , the rhamnose residues be an anti - OX40 , anti - CTLA - 4 , anti - PD - 1 , anti PD - L2 , 
carrying a primary branching of oligomers of 1 , 4 - B - D antibody to 4 - 1BB / 4 - 1BBL , antibody to LAG - 3 , or a com 
galactose residues , 1 , 5 - a - L - arabinose residues , or combina bination thereof . tions thereof ; and ( b ) administering to a subject in need Other aspects of the invention relate to composition for thereof an effective dose of the composition that can result 10 parenteral administration , wherein the composition is in an in at least one of the following : at least 10 % increase in the acceptable pharmaceutical carrier and comprises ( a ) a thera activation of CD8 + T - cells , CD4 + T - cells , or CD8 + T - cells peutically effective amount of a galactoarabino - rhamnoga and CD4 + T - cells , at least 10 % increase of tumor - antigen 
specific CD8 + or CD4 + T - cells ; at least 10 % decrease in lacturonate comprising a 1 , 4 - linked galacturonic acid 

tumor size , at least 10 % decrease in size of metastases , at 15 ( GalA ) and methyl galacturonate ( MeGalA ) residues back 
least a 10 % decrease in number of metastases , a reduction of bone linked to branched heteropolymers of alternating oli 
total tumor burden when compared to a control subject gomers of a 4 - 1 , 2 linked rhamnose and a a - 1 , 4 - linked GalA 
treated with a therapeutically effective amount of an residues , the rhamnose residues carrying a primary branch 
approved therapy for the treatment of the cancer . In some ing of oligomers of 1 , 4 - B - D - galactose residues , 1 , 5 - a - L 
embodiments , the step of administering can result in at least 20 arabinose residues , or combinations thereof , and ( b ) a thera 
a 50 % reduction of the total tumor burden in the subject so p eutically effective amount of an immune modulatory agent . 
as to treat cancer . In some embodiments , the composition can be used in the 

In some embodiments , in the step of obtaining the galac treatment of cancer . 
toarabino - rhamnogalacturonate , the 1 , 4 - linked galacturonic In some embodiments , the immune modulatory can com 
acid and methyl galacturonate residues backbone can rep - 25 prise a monoclonal antibody , peptide , agent capable of 
resent between 55 to 85 molar percent of the total carbohy - binding to one or more of lymphocyte co - stimulatory 
drate molar content , the branched heteropolymer of alter - ligands or receptors , lymphocyte inhibitory ligands or recep 
nating a a - 1 , 2 linked rhamnose and a a - 1 , 4 - linked GalA tors , tumor necrosis factor receptor ( TNFR ) superfamily of 
residues can represent between 1 and 6 molar percent of the receptors , PD - ligands or a combination of any of the fore 
total carbohydrate molar content , the oligomer 1 , 4 - B - D - 30 going . In some embodiments , the immune modulatory agent 
galactose of the primary branching can represent between 6 can be an anti - OX40 , anti - CTLA - 4 , anti - PD - 1 , anti PD - L2 , 
to 15 molar percent of the total carbohydrate molar content antibody to 4 - 1BB / 4 - 1BBL , antibody to LAG - 3 , or a com 
and the oligomer 1 , 5 - a - L - arabinose of the primary branch - bination thereof . 
ing can represent between 2 to 8 molar percent of the total 
carbohydrate molar content , as characterized by gas chro - 35 BRIEF DESCRIPTION OF THE DRAWINGS 
matography / mass spectrometry . 

In some embodiments , the galactoarabino - rhamnogalac The present invention will be further explained with 
turonate can have an average molecular weight ranging from reference to the attached drawings , wherein like structures 
20 kDa to 70 kDa . In some embodiments , the galactoara are referred to by like numerals throughout the several 
bino - rhamnogalacturonate can further comprise xylose , glu - 40 views . The drawings shown are not necessarily to scale , with 
cose , fucose residues or combination thereof . emphasis instead generally being placed upon illustrating 

In some aspect of the invention , the method comprises ( a ) the principles of the present invention . 
obtaining a composition for parenteral or enteral adminis - FIG . 1 depicts the percentage of peripheral blood lym 
tration comprising : ( i ) one of galacto - rhamnogalacturonate phocytes from different experimental groups analyzed for 
( GRG ) , galactoarabino - rhamnogalacturonate ( GA - RG ) , 45 the percent of CD8 + cells that express granzyme B . 
galactomannan ( GM ) , modified synthetic disaccharides FIG . 2 depicts the percentage of peripheral blood lym 
( MSD ) , peptide / protein inhibitor agents ( PIA ) , peptidomi - phocytes from different experimental groups analyzed for 
metic agents ( PMA ) , galectin - specific antibodies ( GSA ) or the percent of CD8 + cells that express Ki - 67 . 
small organic molecules ( SOM ) or a combination of any of FIG . 3 depicts the percentage of peripheral blood lym 
the foregoing , and ( ii ) a therapeutically effective amount of 50 phocytes from different experimental groups analyzed for 
an immune modulatory agent wherein the immune modu - the percent of CD4 + cells that express Ki - 67 . 
latory agent comprises a monoclonal antibody , peptide , FIG . 4 depicts the size of TRAMP - C1 prostate tumors in 
agent capable of binding to one or more of lymphocyte mice at day 13 in the different experimental groups . 
co - stimulatory ligands or receptors , lymphocyte inhibitory FIG . 5 depicts the size of TRAMP - C1 prostate tumors in 
ligands or receptors , tumor necrosis factor receptor ( TNFR ) 55 mice at days 19 , 25 , 29 , and 33 for the different experimental 
superfamily of receptors , PD - ligands or a combination of groups . 
any of the foregoing ; wherein the composition is in an FIG . 6 depicts survival curves for the different experi 
acceptable pharmaceutical carrier . The method further com - mental groups with TRAMP - C1 prostate cancer . 
prises administering to a subject in need thereof an effective FIG . 7 depicts the size of breast tumors in mice at days 11 , 
dose of the composition that can result in at least one of the 60 14 , 20 , and 25 for the different experimental groups . 
following : at least 10 % increase in the activation of CD8 + FIG . 8A depicts survival in experiments using 4T1 mam 
T - cells , CD4 + T - cells , or CD8 + T - cells and CD4 + T - cells , at mary carcinoma tumors in mice with therapy with aOX40 
least 10 % increase of tumor - antigen specific CD8 + or CD4 + alone or in combination with GA - RG ( labeled as MDO2 ) . 
T - cells , at least 10 % decrease in tumor size , at least 10 % FIG . 8B depicts lung metastases in experiments using 4T1 
decrease in size of metastases , at least a 10 % decrease in 65 mammary carcinoma tumors in mice with therapy with 
number of metastases . a reduction of total tumor burden aOX40 alone or in combination with GA - RG ( labeled as 
when compared to a control subject treated with the thera - MDO2 ) . 



US 9 , 872 , 909 B2 

FIG . 9A depicts the percentage of GR - 1 negative / CD11b structural and functional details disclosed herein are not to 
positive cells in the circulation of 4T1 breast tumor bearing be interpreted as limiting , but merely as a representative 
mice treated with aOX40 alone or in combination with basis for teaching one skilled in the art to variously employ 
GA - RG ( labeled as MDO2 ) . FIG . 9B depicts the percentage the present invention . 
of GR - 1 intermediate / CD11b positive cells in the circulation 5 Unless otherwise specified , all percentages expressed 
of 4T1 mammary carcinoma tumor bearing mice treated herein are weight / weight . 
with aOX40 alone or in combination with GA - RG ( labeled The term “ subject ” refers to an animal , including , but not 
as MD02 in these figures ) . * p < 0 . 05 ; * * p < 0 . 01 ; * * * p < 0 . 001 . limited to , a primate ( e . g . , human ) . The terms “ subject ” and 

FIG . 10A shows the response of MCA - 205 sarcoma “ patient ” are used interchangeably herein in reference , for 
tumor bearing mice to treatment with aOX40 alone or in 10 example , to a mammalian subject , such as a human subject . combination with GA - RG ( labeled as MD02 in these fig One approach that has been pursued for cancer immuno ures ) . FIG . 10B shows the survival curves for the same therapy is the area covered by the term “ tumor vaccines ” animal groups . which includes immunization with tumor specific or over FIG . 11 A depicts the expression of galectin - 3 protein as 
secreted into media in various tumor cell lines . FIG . 11B 15 B 15 expressed antigens . In this approach , an antigen or antigens XP . 
depicts the expression of galectin - 3 protein in whole cell specific for , or overexpressed in , tumor cells are injected 
lysate in various tumor cell lines . alone , with adjuvants , as part of a microorganism that 

FIG . 12 A depicts a phenotype comparison of naïve galec delivers the antigen ( for example , Listeria Monocytogenes ) , 
tin - 3 deficient CD8 T cells versus wild type CD8 T cells by or after incubation ex - vivo with immune cells ( including but 
flow cytometry analysis of various markers . FIG . 12B is a 20 not limited to dendritic cells ) in order to elicit cellular and / or 
schematic of the model used in the experiment . humoral immune responses . 

FIG . 13A - C depicts that galectin - 3 deficient CD8 T cells Another approach that has been pursued for cancer immu 
exhibit reduced effector function following antigen stimu - notherapy is through modulating the function of specific 
lation in vivo . FIG . 13A shows percent of OT - I positive / total immune cell receptors or their ligands . This has been accom 
CD8 cells in wild type and gal - 3 null animals . FIG . 13B 25 plished using monoclonal antibodies that recognize and bind 
shows differences in expression of markers in wild type and to the immune cell receptors and / or ligands . The binding of 
gal - 3 null CD8 lymphocytes . FIG . 13C shows differences in the monoclonal antibody to the target receptor or ligand has 
cytokine secretion in wild type and gal - 3 null CD8 lympho - been shown to either inhibit or enhance the function of that 
cytes . receptor or ligand . 

FIG . 14 depicts that selected genes are down - regulated in 30 Monoclonal antibodies that have been found to enhance 
galectin - 3 deficient CD8 T cells . FIG . 14A is a graphical the immune response to tumors include antibodies that bind 
representation of several genes found to be down - regulated CTLA - 4 ( cytotoxic T - lymphocyte - associated antigen - 4 ) , 
in Gal 3 - / - OT - I cells over wild type cells . FIG . 14B shows PD - 1 receptor ( programmed death - 1 ) , and OX40 ( also 
the relative units and fold changes for selected genes known as CD134 ) . In addition to their activity in cellular 

FIG . 15 shows the expression of CD25 ( IL2 - Ra ) or OX40 35 experiments and animals with tumors , anti - CTLA - 4 and 
by flow cytometry . FIG . 15 depicts that galectin - 3 deficient anti - PD - 1 monoclonal antibodies have been shown to have 
CD8T cells have reduced CD25 and OX40 expression important antitumor activity in humans . 
following antigen stimulation . Aspects of the invention relate to novel approaches to 

FIG . 16A shows the phenotype of donor cells in periph - boost immune function using a complex carbohydrate phar 
eral blood or spleen of untreated mice ( black bars ) or mice 40 maceutical product or other agents described herein , alone or 
administered with a Gal - 3 inhibitor GR - MD - 02 at day 7 . in combination with other targeted immunotherapy that may 
FIG . 16B shows the phenotype of donor cells in peripheral increase the efficacy of immunotherapy of cancer and other 
blood or spleen of untreated mice ( black bars ) or mice diseases which utilize activation of the immune system . The 
administered with a Gal - 3 inhibitor GR - MD - 02 at day 29 . term “ targeted immunotherapy ” and “ immune modulatory 
FIG . 16A - B depicts that galectin - 3 inhibition using GA - RG 45 agent " are used interchangeably . 
( labeled as GR - MD - 02 in this Figure ) augments CD8 T cell Some aspects of the invention relate to methods of 
expansion and effector function . treating a subject in need thereof . In some embodiments , the 

FIG . 17 depicts that galectin - 3 inhibition in combination method comprises the step of obtaining a composition for 
with anti - CTLA4 therapy augments the generation of anti intravenous , subcutaneous , other routes of parenteral , or oral 
gen - specific memory CD8 T cells in the spleen versus 50 administration , the composition comprising a compound in 
anti - CTLA4 alone . GA - RG is labeled as MD02 in this an acceptable pharmaceutical carrier and administering the 
figure . composition to a subject in need thereof . In some embodi 

ments , the composition comprises a compound and an 
DETAILED DESCRIPTION OF THE immune modulatory agent in an acceptable pharmaceutical 

INVENTION 55 carrier . 
Other aspects of the invention relate to a formulation for 

Detailed embodiments of the present invention are dis - parenteral administration , wherein the formulation is in an 
closed herein ; however , it is to be understood that the acceptable pharmaceutical carrier and comprises a therapeu 
disclosed embodiments are merely illustrative of the inven - tically effective amount of a compound and a therapeutically 
tion that may be embodied in various forms . In addition , 60 effective amount of an immune modulatory agent . 
each of the examples given in connection with the various In some embodiments , the compound can be one of 
embodiments of the invention is intended to be illustrative , galacto - rhamnogalacturonate ( GRG ) , galactoarabino - rham 
and not restrictive . Further , the figures are not necessarily to nogalacturonate ( GA - RG ) , galactomannan ( GM ) , modified 
scale , some features may be exaggerated to show details of synthetic disaccharides ( MSD ) , peptide / protein inhibitor 
particular components . In addition , any measurements , 65 agents ( PIA ) , peptidomimetic agents ( PMA ) , galectin - spe 
specifications and the like shown in the figures are intended cific antibodies ( GSA ) or small organic molecules ( SOM ) or 
to be illustrative , and not restrictive . Therefore , specific a combination of any of the foregoing . 
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In some embodiments , the specific GRG , GA - RG , GM , or infusion , as well as administration by intravenous , intra 
MSD , PIA , PMA , GSA , or SOM compounds can have the muscular , intraarterial , intrathecal , intracapsular , intraor 
ability to interact with various domains of the class of bital , intracardiac , intradermal , intraperitoneal , transtra 
galectin proteins , which includes galectins 1 through 15 , and cheal , subcutaneous , subcuticular , intraarticular , subcapsular 
thereby inhibit , enhance or modulate their function . 5 subarachnoid , intraspinal , epidural and intrasternal injection 

In some embodiments , the specific GRG , GA - RG , GM , and infusion . MSD , PIA , PMA , GSA , or SOM compounds can have the In some embodiments , the compound is a polysaccharide 
ability to interact with various domains of the galectin - 3 chemically defined as galacto - rhamnogalacturaonate protein , including but not limited to the S - and F - face of the ( GRG ) , a selectively depolymerized , branched heteropoly carbohydrate recognition domain and the N - terminal 10 mer whose backbone is predominantly comprised of 1 , 4 domain , and thereby inhibit its interaction with natural linked galacturonic acid ( GalA ) moieties and methyl galac ligands which inhibits galectin - 3 function . 

In some embodiments , the specific GRG , GA - RG , GM , turonate ( MeGalA ) residues , with a lesser backbone 
MSD , PIA , PMA , GSA , or SOM compounds can have the composition of alternating 1 , 4 - linked GalA and 1 , 2 - linked 
ability to interact with various domains of the galectin - 1 15 rhamnose ( Rha ) , which in - turn is linked to any number of 
protein , including but not limited to the carbohydrate rec side chains , including predominantly 1 , 4 - b - D - galactose 
ognition domain and the dimerization domain , and thereby ( Gal ) and 1 , 5 - a - L - arabinose ( Ara ) residues . Other side chain 
inhibit its interaction with natural ligands which inhibits minor constituents may include xylose ( Xyl ) , glucose ( Glu ) , 
galectin - 1 function . and fucose ( Fuc ) or combinations thereof . 

The term “ effective dose ” means the amount of the GRG , 20 In some embodiments , the GRG compound is produced as 
GA - RG , GM , MSD , PIA , PMA , GSA , or SOM compounds described in U . S . Patent Application Publication No . 2008 / 
described herein in combination with one or more antibod 0107622 , now U . S . Pat . No . 8 , 236 , 780 , which are incorpo 
ies , proteins or other agents that modulate immune rated expressly by reference for all purposes . 
responses when administered as a parental dose to an animal In some embodiments , the GRG compound can be pro 
or human with at least 10 % , at least 20 % or at least 25 % 25 duced as described in U . S . Pat . Nos . 8 , 128 , 966 , 8 , 187 , 624 , 
enhancement of markers of immune response . Markers of U . S . Patent Application Publication Nos 2012 / 0315309 and 
the immune response include , but are not limited to , prolif - 2012 / 0309711 which are incorporated expressly by refer 
eration of T lymphocytes having a CD8 receptor , referred ence for all purposes . 
herein as CD8 lymphocytes ( as indicated by various meth - In some embodiments , the compound is a polysaccharide 
ods including , but not limited to , staining for Ki - 67 ) , mark - 30 chemically defined as galactoarabino - rhamnogalacturonate 
ers of activated function of CD8 cells ( as indicated by ( GA - RG ) , a selectively depolymerized , branched heteropo 
various methods including but not limited to staining for lymer whose backbone is predominantly comprised of 1 , 4 
granzyme B ) , or changes in other cellular regulatory or linked galacturonic acid ( GalA ) moieties , with a lesser 
effector cells . Other immune markers include but are not backbone composition of alternating 1 , 4 - linked GalA and 
limited to the relative expression and / or frequency of GR - 1 + 35 1 , 2 - linked rhamnose ( Rha ) , which in turn is linked to any 
and CD11b + mononuclear cells . number of side chains , including predominantly 1 , 4 - b - D 

Immune modulatory agents may include , but are not galactose ( Gal ) and 1 , 5 - a - L - arabinose ( Ara ) residues . In 
limited to , antibodies to OX40 ( anti - OX40 ) , antibodies to some embodiments , the 1 , 4 - linked galacturonic acid and 
CTLA - 4 ( anti - CTLA - 4 ) , antibodies to PD - 1 ( anti - PD - 1 ) , methyl galacturonate residues backbone represents between 
antibodies to PD - 1L / 2L ( anti - PD - L1 or anti - PD - L2 ) , anti - 40 55 to 85 molar percent of the total carbohydrate molar 
bodies to 4 - 1BB / 4 - 1BBL , antibodies to LAG - 3 , or a com - content , the branched heteropolymer of alternating a a - 1 , 2 
bination of two or more of the foregoing antibodies . linked rhamnose and a a - 1 , 4 - linked GalA residues repre 

Immune modulatory agents also may include antibodies , sents between 1 and 6 molar percent of the total carbohy 
proteins , peptides , or small organic molecules that affect drate molar content , the oligomer 1 , 4 - B - D - galactose of the 
processes of immune response , such as antigen - dependent 45 primary branching represents between 6 to 15 molar percent 
recognition , antigen processing , lymphocyte co - stimulation of the total carbohydrate molar content and the oligomer 
and lymphocyte inhibition . 1 , 5 - a - L - arabinose of the primary branching represents 

The term “ efficacy ” means demonstrating a reduction of between 2 to 8 molar percent of the total carbohydrate molar 
tumor growth , progression or metastasis of at least 10 % content , as characterized by gas chromatography / mass spec 
using treatment with the GRG , GA - RG , GM , MSD , PIA , 50 trometry . 
PMA , GSA , or SOM compounds described herein either Other side chain minor constituents may include xylose 
alone or in combination with immune modulatory agents , or ( Xyl ) , glucose ( Glu ) , and fucose ( Fuc ) or combinations 
a combination of two or more of these agents , as compared thereof . 
to treatment with the immune modulatory agents alone , or a In some embodiments , the molar percent of the 1 , 4 - b - D 
combination of two or more of these agents . 55 Gal and 1 , 5 - a - L - Ara residues in the GA - RG compound of 

Aspects of the invention relate to compositions and meth - the present invention is 21 . 5 % with a molar ratio of 3 : 1 of 
ods of using compositions capable of boosting the immune 1 , 4 - b - D - Gal to 1 , 5 - a - L - Ara . 
function . In some embodiments , the compound is a polysaccharide 

Aspects of the invention relate to methods of treating a chemically defined as galactoarabino - rhamnogalacturonate 
subject in need thereof . In some embodiments , the subject is 60 ( GA - RG ) , with a molecular weight range of 20 , 000 to 
suffering from cancer . In some embodiments , the method 70 , 000 Daltons as determined by SEC - RI method . In some 
comprises the step of obtaining a composition for intrave - embodiments , the galactoarabino - rhamnogalacturonate has 
nous or subcutaneous or oral administration comprising a an average molecular weight ranging from 20 kDa to 70 
compound in an acceptable pharmaceutical carrier . In some kDa . 
embodiments , the method comprises the step of obtaining a 65 In some embodiments , the GA - RG compound can be 
composition for parenteral administration . “ Parenteral produced as described in International Patent Application 
Administration ” includes administration by bolus injection PCT / US12 / 55311 , which is incorporated expressly by ref 
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erence for all purposes . In some embodiments , the com known as CD152 ( Cluster of differentiation 152 ) , is a protein 
pound has a methyl galacturonate to galacturonic acid ratio receptor that down - regulates the immune system and can be 
ranging from 2 : 1 to 1 : 2 . found on the surface of T cells , which lead the cellular 

In some embodiments , the compound is a galactomannan immune attack on antigens . 
( GM ) polysaccharide composition produced as described in 5 In some embodiments , the GRG , GA - RG , GM , MSD , 
U . S . Patent Application US20110077217 , incorporated PIA . PMA , GSA , or SOM compounds described herein are 
expressly by reference in its entirety for all purposes . used in combination with a therapeutically effective amount 

In some embodiments , the average molecular weight of of monoclonal agonist antibody that binds to OX40 ( anti the GM compound is approximately 4 , 000 and 60 , 000 Da , OX40 ) or recombinant OX40L that acts as agonist . OX40 is as determined by the SEC - MALLS method . a member of the tumor necrosis factor / nerve growth factor In some embodiments , the compound is a modified syn 
thetic disaccharide ( MSD ) produced as described in U . S . receptor ( TNFR / NGFR ) family . OX40 may play a role in 
Pat . Nos . 6 , 444 , 655 , 7 , 230 , 096 , 7 , 638 , 623 , 7 , 700 , 763 , and T - cell activation as well as regulation of differentiation , 
8 , 092 , 825 , which are incorporated expressly by reference proliferation or apoptosis of normal and malignant lymphoid 
for all purposes . 

In some embodiments , the compound is a peptide / protein In some embodiments , the GRG , GA - RG , GM , MSD , 
inhibitor agent ( PIA ) that may bind to galectin and inhibit PIA , PMA , GSA , or SOM compounds described herein are 
galectin function which may include , but not limited to , the used in combination with a therapeutically effective amount 
PIA produced as described in U . S . Pat . No . 6 , 770 , 622 , which of monoclonal antibody that binds to PD - 1 ( anti - PD - 1 ) . 
is incorporated expressly by reference for all purposes . 20 PD - 1 refers to Programmed cell death protein 1 which is a 

In some embodiments , the compound is a peptidomimetic member of the CD28 / CTLA - 4 family of T cell regulators . 
agent ( PMA ) that may bind to galectin and inhibit galectin In some embodiments the GRG , GA - RG , GM , MSD , 
function which may include , but not limited to , anginex and PIA , PMA , GSA , or SOM compounds described herein can 
OTX - 008 ( also known as PTX - 008 ) produced as described be used in combination with a therapeutically effective 
in U . S . Pat . No . 8 , 207 , 228 , which is incorporated expressly 25 amount of monoclonal antibody , peptide or other agent that 
by reference for all purposes . binds to lymphocyte co - stimulatory ligands or receptors and 

In some embodiments , the compound is a galectin - spe act as either antagonists or agonists of co - stimulation . Co 
cific monoclonal antibody ( GSA ) . stimulatory receptors include , but are not limited to , CD28 

In some embodiments , the compound is a small organic and ICOS and ligands include , but are not limited , to CD80 , 
molecule ( SOM ) that interacts with various domains of 30 CD86 , and ICOS ligand . 
galectin molecules that includes , but is not limited to , the In some embodiments , the GRG , GA - RG , GM , MSD , 
carbohydrate binding domain and the protein dimerization PIA , PMA , GSA , or SOM compounds described herein can 
domain . be used in combination with a therapeutically effective 

In some embodiments , GRG and GA - RG bind to the amount of monoclonal antibody , peptide or other agent that 
galectin - 3 molecule at multiple amino acid residues in the 35 binds to lymphocyte inhibitory ligands or receptors and act 
canonical carbohydrate recognition domain on the S - face of as either antagonists or agonists of lymphocyte inhibition . 
the b - sandwich binding domain as well as amino acid Inhibitory receptors include , but are not limited , to CTLA - 4 
residues on the opposing F - face of the protein . and ligands include but are not limited to CD80 and CD86 . 

In some embodiments , the binding of GRG and GA - RG In some embodiments the GRG , GA - RG , GM , MSD , 
to the amino acid residues in the galectin - 3 molecule are 40 PIA , PMA , GSA , or SOM compounds described herein can 
responsible for interfering with function of the galectin - 3 be used in combination with a therapeutically effective 
molecule . amount of monoclonal antibody that binds to CTLA - 4 

In some embodiments , modified synthetic disaccharides ( anti - CTLA - 4 ) . 
( MSD ) bind to similar sites in the galectin - 3 carbohydrate In some embodiments the GRG , GA - RG , GM , MSD , 
domain as GA - RG and can have similar function in inhib - 45 PIA , PMA , GSA , or SOM compounds described herein can 
iting the function of the galectin - 3 molecule . be used in combination with a therapeutically effective 

In some embodiments , peptide / protein inhibitor agents amount of monoclonal antibody , peptide or other agent that 
( PIA ) bind to similar sites in the galectin - 3 carbohydrate binds to the tumor necrosis factor receptor ( TNFR ) super 
domain as GA - RG and can have similar function in inhib - family of receptors or their ligands which are expressed on 
iting the function of the galectin - 3 molecule . 50 lymphocytes and act as either antagonists or agonists of 

In some embodiments , peptidomimetic agents ( PMA ) lymphocyte co - stimulation . Members of the TNFR super 
bind to similar sites in the galectin - 3 carbohydrate domain as family of receptors include , but are not limited to , CD134 , 
GA - RG and can have similar function in inhibiting the also known as OX40 , 4 - 1BB ( CD137 ) , and CD27 and TNFR 
function of the galectin - 3 molecule . receptor ligands which include but are not limited to 

In some embodiments , galectin - specific antibodies ( GSA ) 55 OX4OL , 4 - 1 BBL ( CD137L ) and CD70 . 
bind to similar sites in the galectin - 3 carbohydrate domain as In some embodiments , the GRG , GA - RG , GM , MSD , 
GA - RG and can have similar function in inhibiting the PIA , PMA , GSA , or SOM compounds described herein can 
function of the galectin - 3 molecule . be used in combination with a therapeutically effective 

In some embodiments , small organic molecules ( SOM ) amount of monoclonal antibody that binds to OX40 ( anti 
bind to similar sites in the galectin - 3 carbohydrate domain as 60 OX40 ) , the GA - RG or GM compounds described herein can 
GA - RG and can have similar function in inhibiting the be used in combination with a therapeutically effective 
function of the galectin - 3 molecule . amount of recombinant OX40L or other agonists of OX40 . 

In some embodiments , the GRG , GA - RG , GM , MSD , In some embodiments , the GRG , GA - RG , GM , MSD , 
PIA , PMA , GSA , or SOM compounds described herein are PIA , PMA , GSA , or SOM compounds described herein can 
used in combination with a therapeutically effective amount 65 be used in combination with a therapeutically effective 
of monoclonal antibody that binds to CTLA - 4 ( anti - CTLA amount of monoclonal antibody that binds to PD - ligands 
4 ) . CTLA - 4 ( Cytotoxic T - Lymphocyte Antigen 4 ) , also ( anti - PD - L1 and PD - L2 ) . 



13 
US 9 , 872 , 909 B2 

14 
In some embodiments , the GRG , GA - RG , GM , MSD , between 0 . 5 and 20 mg / kg given once weekly , twice a week , 

PIA , PMA , GSA , or SOM compounds described herein can or three times per week , as calculated from equivalency 
be used in combination with a therapeutically effective from animal dose . 
amount of monoclonal antibody that binds to PD - 1 ( anti An effective dose of GM compound used in combination 
PD - 1 ) . 5 with a therapeutically effective dose of anti - OX40 , anti 

In some embodiments , the GRG , GA - RG , GM , MSD , CTLA - 4 , anti - PD - 1 , or other immune modulatory agent or 
PIA , PMA , GSA , or SOM compounds described herein can combination of any of the foregoing , to a human subject can be used in combination with a therapeutically effective be administered subcutaneously , by other parenteral routes , amount of monoclonal antibody , peptide or other agent that or orally in multiples of between 1 and 100 times the modifies activation or function of dendritic cells thereby 10 hereby 10 intravenous dose . altering antigen processing or response . In some embodiments , the efficacy of the composition for In some embodiments , the GRG , GA - RG , GM , MSD , 
PIA , PMA , GSA , or SOM compounds described herein can parenteral administration is determined by at least a 10 % 

increase in the proliferation of CD8 + or CD4 + T - cells . In be used in combination with a therapeutically effective 
amount of a tumor - antigen directed vaccine or a cancer 15 some embodiments , the efficacy of the composition for 
vaccine . In some embodiments , the GRG , GA - RG , GM . parenteral administration is determined by at least a 15 % 
MSD , PIA , PMA , GSA , or SOM compounds described increase in the proliferation of CD8 + or CD4 + T - cells . In 
herein can be used in combination with adjuvants . Adju some embodiments , the efficacy of the composition for 
vants , in some embodiments , may include TLR ligands such parenteral administration is determined by at least a 20 % 
as polyl : C , CpG , and the like . 20 increase in the proliferation of CD8 + or CD4 + T - cells . 

In some embodiments , the GRG , GA - RG , GM , MSD , In some embodiments , the efficacy of the composition for 
PIA , PMA , GSA , or SOM compounds described herein can parenteral administration is determined by at least a 10 % 
be used in alone in combination with a therapeutically increase in the proliferation of CD8 + or CD4 + T - cells as 
effective amount of a tumor - antigen directed vaccine or a measured by expression of Ki - 67 . In some embodiments , the 
cancer vaccine . 25 efficacy of the composition for parenteral administration is 

In some embodiments , the GRG , GA - RG , GM , MSD , determined by at least a 15 % increase in the proliferation of 
PIA , PMA , GSA , or SOM compounds described herein can CD8 + or CD4 + T - cells as measured by expression of Ki - 67 . 
be used in combination with a therapeutically effective In some embodiments , the efficacy of the composition for 
amount of a vaccine used for the purpose of treating or parenteral administration is determined by at least a 20 % 
preventing an infectious disease . 30 increase in the proliferation of CD8 + or CD4 + T - cells as 

In some embodiments , the GRG , GA - RG , GM , MSD , measured by expression of Ki - 67 . 
PIA , PMA , GSA , or SOM compounds described herein can In some embodiments , the efficacy of the composition for 
be used in alone in combination with a therapeutically parenteral administration is not associated with general 
effective amount of any of the foregoing agents or combi - proliferation of CD8 + or CD4 + T - cells . 
nation or any of the foregoing agents . 35 In some embodiments , the efficacy of the composition for 
An effective intra - peritoneal or intravenous dose of the parenteral administration is determined by at least a 10 % up 

GRG or GA - RG polysaccharide used in combination with a to 25 % increase in the activation of CD8 + T - cells or CD4 + 
therapeutically effective dose of anti - OX40 , anti - CTLA4 , T - cells . In some embodiments , the efficacy of the composi 
anti - PD - 1 , or other immune modulatory agent , or combina t ion for parenteral administration is determined by at least a 
tion of any of the foregoing , to an experimental animal ( e . g . 40 15 % increase up to 25 % in the activation of CD8 + T - cells or 
mouse ) can be between 10 and 120 mg / mg given once a CD4 + T - cells . In some embodiments , the efficacy of the 
week , twice a week , or three times per week . composition for parenteral administration is determined by 

An effective intravenous or dose of GRG or GA - RG used at least a 20 % increase in the activation of CD8 + T - cells or 
in combination with a therapeutically effective dose of CD4 + T - cells . 
anti - OX40 , anti - CTLA - 4 , anti - PD - 1 , or other immune 45 In some embodiments , the efficacy of the composition for 
modulatory agent or combination of any of the foregoing , to parenteral administration is determined by at least a 10 % 
a human subject can be between 0 . 5 and 15 mg / kg given increase in the activation of CD8 + T - cells or CD4 + T - cells 
once weekly , twice a week , or three times per week , as as measured by expression of granzyme B . In some embodi 
calculated from equivalency from animal dose . ments , the efficacy of the composition for parenteral admin 
An effective dose of GRG or GA - RG used in combination 50 istration is determined by at least a 15 % increase in the 

with a therapeutically effective dose of anti - OX40 , anti - activation of CD8 + T - cells or CD4 + T - cells as measured by 
CTLA - 4 , anti - PD - 1 , or other immune modulatory agent , or expression of granzyme B . In some embodiments , the effi 
combination of any of the foregoing , to a human subject can cacy of the composition for parenteral administration is 
be administered subcutaneously , by other parenteral routes , determined by at least a 20 % increase in the activation of 
or orally in multiples of between 1 and 100 times the 55 CD8 + T - cells or CD4 + T - cells as measured by expression of 
intravenous dose . granzyme B . 

An effective intra - peritoneal or intravenous dose of GM In some embodiments , the efficacy of the composition for 
compounds described herein used in combination with a parenteral administration is not associated with general 
therapeutically effective dose of anti - OX40 , anti - CTLA - 4 , increase in granzyme B expression in CD8 + or CD4 + 
anti - PD - 1 , or other immune modulatory agent , or combina - 60 T - cells . 
tion of any of the foregoing , to an experimental animal ( e . g . In some embodiments , the efficacy of the composition for 
mouse ) can be between 10 and 180 mg / mg given once a parenteral administration is associated with an increase by at 
week , twice a week , or three times per week . least 10 % of tumor antigen - specific CD8 + or CD4 + T - cells . 

An effective intravenous or dose of GM used in combi - In some embodiments , the efficacy of the composition for 
nation with a therapeutically effective dose of anti - OX40 , 65 parenteral administration is associated with an increase by at 
anti - PD - 1 , or other immune modulatory agent or combina - least 15 % of tumor antigen - specific CD8 + or CD4 + T - cells . 
tion of any of the foregoing , to a human subject can be In some embodiments , the efficacy of the composition for 

muus ose . 
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parenteral administration is associated with an increase by at lesions to calculate total tumor burden ( TTB ) according to 
least 20 % of tumor antigen - specific CD8 + or CD4 + T - cells . the following formula : Total Tumor Burden = SPD of index 

In some embodiments , the efficacy of the composition for lesions + SPD new measurable lesions . 
parenteral administration is associated with an increase by at In some embodiments , change in tumor burden can be 
least 10 % of GR - 1 negative / CD11b positive cells . In some 5 assessed relative to the baseline tumor burden , that is , SPD 
embodiments , the efficacy of the composition for parenteral of all index lesions at baseline . If there is a 100 % reduction 
administration is associated with an increase by at least 15 % of index and new measurable tumor burden to baseline 
of GR - 1 negative / CD11b positive cells . In some embodi tumor burden the overall response is irCR ( immune - related ments , the efficacy of the composition for parenteral admin response Complete Response ) . If there is a greater than or 
istration is associated with an increase by at least 20 % of 10 equal to 50 % reduction of index and new measurable tumor GR - 1 negative / CD11b positive cells . burden to baseline tumor burden the overall response is irPR In some embodiments , the efficacy of the composition for ( immune - related response Partial Response ) . If there is a parenteral administration is associated with a decrease by at 
least 10 % of GR - 1 intermediate or positive / CD11b positive less than 50 % decrease to less than 25 % increase in the 
cells . In some embodiments , the efficacy of the composition 15 index and new measurable tumor burden to baseline tumor 
for parenteral administration is associated with a decrease by burden the overall response is irSD ( immune - related 
at least 15 % of GR - 1 intermediate or positive / CD11b posi - response Stable Disease ) . If there is a greater than or equal 
tive cells . In some embodiments , the efficacy of the com - to 25 % increase in the index and new measurable tumor 
position for parenteral administration is associated with a burden to baseline tumor burden the overall response is irPD 
decrease by at least 20 % of GR - 1 intermediate or positive / 20 ( immune - related response Progressive Disease ) , assuming 
CD11b positive cells . that the response and progression are confirmed by a second 

In some embodiments , the efficacy of the composition for assessment at least 4 weeks apart . 
parenteral administration is associated with a decrease by at In some embodiments , the efficacy of the composition for 
least 10 % of the size of the tumor ( as compared its size at parenteral administration is directly related to the level of 
the beginning of the treatment ) . In some embodiments , the 25 expression of galectin - 3 in the tumor with increased efficacy 
efficacy of the composition for parenteral administration is associated with increased galectin - 3 expression in the tumor . 
associated with a decrease by at least 15 % of the size of the In some embodiments , the efficacy of the composition for 
tumor . In some embodiments , the efficacy of the composi parenteral administration in cancer therapy may be directly tion for parenteral administration is associated with a related to the level of expression of galectin - 3 in the tumor decrease by at least 20 % of the size of the tumor . s 30 cells and galectin - 3 secreted into the tumor microenviron In some embodiments , the efficacy of the composition for ment with increased galectin - 3 levels related to better effi parenteral administration is associated with a decrease by at cacy . least 10 % of the size or number of distant metastases from 
the primary tumor . In some embodiments , the efficacy of the In some embodiments , the efficacy of the composition for 
composition for parenteral administration is associated with 35 parenteral administration may be used in therapy of multiple 
a decrease by at least 15 % of the size or number of distant cancer including but not limited to gastrointestinal cancers 
metastases from the primary tumor . In some embodiments , esophageal , stomach , small intestine , colon , and anal ) , 
the efficacy of the composition for parenteral administration pancreatic cancer ( endocrine and adenocarcinoma ) , bile duct 
is associated with a decrease by at least 20 % of the size or cancer , liver cancers of various types , sarcomas , myosarco 
number of distant metastases from the primary tumor . 40 mas , breast cancer , lung cancer , head and neck cancer , 

in some embodiments , the sum total of the volume mouth cancer , skin cancer , melanoma , kidney cancer , uri 
occupied by all of the lesions may be represented in terms nary and bladder , prostate cancer , testicular cancer , ovarian 
of a single number called “ Total Tumor Burden ” ( TTB ) . As cancer , endometrial cancer , neurological cancers ( brain and 
such , when any of the tumors respond to a chosen treatment nerves ) , endocrine gland cancer ( thyroid , adrenal , parathy 
plan , the TTB will change . In some embodiments , the TTB 45 roid , pituitary ) , bone cancer ( osteosarcoma ) , hematological 
can be determined in a subject after treatment with the cancers ( lymphoma , leukemia ) , multiple myeloma , and 
combination therapy comprising the compound described myelofibrosis . 
herein ( e . g . carbohydrate compound ) in combination with an In some embodiments , the method of treating further 
immune modulatory agent and compared to the TTB of a comprises the steps of administering to a subject an effective 
subject treated with the immune modulatory agent alone . 50 dos dose of the composition for parenteral administration or in 
Yet , in other embodiments , the TTB can be determined in a combination with an immunomodulatory antibody or that subject after treatment with the compound described ( e . g . results in at least one of the following : carbohydrate compound ) herein and compared to the TTB of at least a 10 % increase in evidence of activation in a subject treated with a standard therapy ( e . g . approved circulating CD8 + or CD4 + T - cells as indicated by a variety agent for the treatment of a cancer ) . 55 

In some embodiments , tumors treated with the carbohy - of methods including but not limited to Ki - 67 and / or gran 011 
drate compound ( e . g . GA - RG ) alone or in combination with Zyme B expression . 
other immunotherapies ( e . g . immune modulatory agents ) at least a 10 % increase in tumor antigen - specific CD8 + or 
may be evaluated using the immune - related response criteria CD4 + T - cells . 
in solid tumors . In some embodiments , the immune - related 60 at least a 10 % response rate in tumor size or progression , 
response criteria used can be the criteria described by Hoos progression free survival ( patient survival without pro 
et al . ( J Natl Cancer Inst . 102 : 1388 - 1397 and Clinical gression of the cancer ) or an overall increase in patient 
Cancer research 15 : 74 , 2009 ) , which is hereby incorporated survival . 
herein by reference in its entirety . Tumor measurability can at least a 10 % reduction in the size or number of metas 
be defined as 5x5 mm or more on helical computer tomog - 65 tases distant from the primary tumor . 
raphy scans . The sum of the perpendicular diameters ( SPD ) a statistically significant difference in Total Tumor Burden 
of index lesions at baseline can be added to that of new as assessed by the immune - related response criteria when 
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compared to standard therapy alone , no therapy or therapy elevated with aOX40 , aCTLA - 4 , or aPD - 1 co - administered 
comprising the immune modulatory agent alone . with GA - RG to very similar extents as the percent of 

granzyme B expression seen in FIG . 1 . 
EXAMPLE 1 : Enhancement of Immune and FIG . 3 shows the results of the proliferation marker Ki - 67 

Prostate Tumor Response Following Co - Treatment 5 in CD4 + T cells for the different groups of experimental 
with Anti - CTLA - 4 , Anti - OX40 , or Anti - PD - 1 in animals . There is little change in the proliferation of CD4 + 

Combination with GA - RG and GM cells after treatment with aOX40 , aCTLA - 4 , or aPD - 1 alone 
or in combination with GM . However , Ki - 67 was markedly 
elevated with aOX40 , aCTLA - 4 , or aPD - 1 co - administered In this example , experiments were performed in a synge with GA - RG to very similar extents as seen in CD8 + cells neic model of mouse cancer . The tumor cells used were the 10 ( FIG . 2 ) . TRAMP - C1 cell line which was derived from a mouse FIG . 4 shows the results of tumor growth in the different prostate cancer . To derive these cells , the SV40 large T experimental groups . When GA - RG treatment was added to antigen was expressed in a transgenic mouse with a prostate treatment with aCTLA4 or aPD - 1 there was a significant specific gene promoter , thereby expressing SV40 large T reduction of tumor growth compared to therapy with the 

specifically in prostate tissue . The TRAMP - C1 cell line was 15 antibodies alone . 
derived from resultant prostate tumors ; importantly , the cell The results of these experiments demonstrate that when 
line does not express SV40 large T - antigen . For the tumor mice are treated with aOX40 , aCTLA - 4 , or aPD - 1 in com 
model , TRAMP - C1 cells ( 1x10sup6 cells ) were inoculated bination with GA - RG there is a marked increase in the 
into normal C57BL / 6 mice via subcutaneous injection . proliferation and activation of CD8 + cytotoxic T - cells , an 

Following inoculation with TRAMP - C1 cells , groups of 20 increase in proliferation of CD4 + T regulatory cells , and a 
mice were treated via intra - peritoneal injection with either decrease in tumor size . 
IgG ( as a control , on days 4 , 6 and 8 days after inoculation ) , 
or anti - CTLA - 4 ( 200 micrograms on days 4 , 6 and 8 after EXAMPLE 2 : Enhancement of Immune and 
inoculation ) , or anti - PD - 1 ( 200 micrograms on days 4 , 6 and Prostate Tumor Response Following Co - Treatment 
8 after inoculation ) , or anti - OX40 ( 250 micrograms on days 25 with Anti - CTLA4 or Anti - OX40 in Combination 
4 and 8 after inoculation ) . with GA - RG 

Other groups of animal were treated with the same In this example , experiments were performed in a synge compounds as above plus either GA - RG or GM as described neic model of mouse cancer . The tumor cells used were the as follows : GA - RG , 2 . 4 mg / dose on days 4 , 6 , and 8 , or GM , TRAMP - C1 cell line which was derived from a mouse 2 . 4 mg / dose on days 4 , 6 , and 8 followed by GA - RG 28 , 30 , 30 prostate cancer , as described in Example 1 . and 32 . The example includes six treatment groups of tumor FIG . 1 shows the results of experiments for the different inoculated mice with two groups in each of the following : groups of experimental animals ( 5 mice per group ) . The IgG treated control mice with and without GA - RG ( 1 . 2 
measurement , represented on the y axis is the percent of mg / dose ) on days 4 , 8 , 11 and 15 after inoculation ; mice 
isolated CD8 + cells that are also positive for granzyme B . 35 treated with aOX40 ( 250 microgram or mcg ) with and 
The protein granzyme B is a marker for effector function of without GA - RG ( 1 . 2 mg / dose ) on days 4 , 8 , 11 and 15 after 
CD8 positive lymphocytes . Granzymes are serine proteases inoculation ; and mice treated with aCTLA4 ( 200 mcg ) on 
that are released by cytoplasmic granules within CD8 + days 4 , 6 , 8 , 11 , 13 , and 15 after inoculation with and without 
cytotoxic T - cells which are capable of inducing apoptosis in GA - RG ( 1 . 2 mg / dose ) on days 4 , 8 , 11 and 15 after 
target cells such as tumor cells or virus infected cells . 40 inoculation . 
Comparison of rat IgG alone ( control ) to those animals FIG . 5 shows results of these treatments on tumor size at 
treated with anti - OX40 ( aOX40 ) , anti - CTLA - 4 ( aCTLA - 4 ) , various times after inoculation . While treatment with 
or anti - PD - 1 ( aPD - 1 ) shows that the antibody control treat aOX40 , aCTLA4 , and GA - RG alone had minimal effect on 
ment resulted in a statistically non - significant increase in the the size of tumors , the combinations of aOX40 and aCTLA4 
percent of CD8 + cells expressing granzyme B . 45 with GA - RG had a much greater effect in decreasing the 

FIG . 1 also shows the results of the addition of GM tumor size at each time point out to day 33 after tumor 
treatment to the treatment with aOX40 , aCTLA - 4 , or aPD - 1 . inoculation . 
Although there appears to be some activation of CD8 + cells FIG . 6 shows the survival curves for the mice in the six 
when GM is added to therapy with IgG alone , these changes treatment groups . The groups treated with combination of 
were not significant and there is no further augmentation of 50 OX40 and aCTLA4 with GA - RG had a doubling of sur 
granzyme B positive cells when GM was added to treatment vival . 
with aOX40 , aCTLA - 4 , or aPD - 1 . The results of these experiments demonstrate that when 

In contrast , the addition of GA - RG treatment to the mice were treated with aOX40 or aCTLA - 4 in combination 
treatment with aOX40 , aCTLA - 4 , or aPD - 1 showed a strik - with GA - RG there was significantly more shrinkage of 
ing increase in activation of CD8 + cells . Addition of GA - RG 55 prostate tumors than with the drugs alone and an increase in 
to treatment with aOX40 , aCTLA - 4 , or aPD - 1 increased the survival . Twenty percent of mice treated with the combina 
percent of granzyme B positive CD8 + cells by 2 - fold , 5 - fold tion of aOX40 or aCTLA4 had survivals over 100 days 
and 4 - fold , respectively . This represents a highly significant whereas all mice treated with either drug alone were dead by 
and striking increase in the activation of CD8 + cells when 58 days . 
GA - RG is added to the treatment . 

FIG . 2 shows the results of a proliferation marker in EXAMPLE 3 : Enhancement of Immune and Breast 
CD8 + T cells for the different groups of experimental Tumor Response Following Co - Treatment with 
animals . The proliferation marker is Ki - 67 which is a Anti - CTLA4 or Anti - OX40 in Combination with 
nuclear protein that is associated with cellular proliferation . GA - RG 
There is little change in the proliferation of CD8 + cells after 65 
treatment with aOX40 , aCTLA - 4 , or aPD - 1 alone or in In this example , experiments were performed in a synge 
combination with GM . However , Ki - 67 was markedly neic model of mouse breast cancer . The tumor cells used 
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were the 4T1 which is a syngeneic breast cancer cell line The example includes four treatment groups of tumor 
derived from a spontaneously arising BALB / c mammary inoculated mice with two groups in each of the following : 
tumor . When introduced orthotopically , the 4T1 line grows IgG treated control mice with and without GA - RG ( 2 . 4 
rapidly at the primary site and forms metastases in lungs , mg / dose ) on days 4 , 8 , 11 and 15 after inoculation ; and mice liver , bone and brain over a period of 3 - 6 weeks . When 5 5 treated with aOX40 ( 250 mcg ) with and without GA - RG introduced via the tail vein or arterially , metastases are ( 2 . 4 mg / dose ) on days 4 , 8 , 11 and 15 after inoculation . apparent in these same organs after 1 - 2 weeks . The rapid and As shown in FIG . 9A , the percentage of GR - 1 negativel efficient metastasis to organs affected in human breast cancer 
makes the 4T1 model an excellent mouse model for the CD11b positive cells was increased in the circulation of 
study of metastatic progression of breast cancer in humans . animals treated with the combination of aOX - 40 and GA 
Because the model is syngeneic in BALB / c mice , it can be it can be 10 RG ( labeled as MD02 in this graph ) 
used to study the role of the immune system in tumor growth In contrast , the number of GR - 1 intermediate / CD11b 
and metastasis . For the tumor model in these experiments , positive cells was reciprocally reduced in animals treated 
4T1 cells ( 5x10sup4 cells ) were inoculated into normal with the combination of aOX40 and GA - RG ( labeled as 
C57BL / 6 mice via subcutaneous injection . MD02 in this graph ) . 

The example includes six treatment groups of tumor 15 The elevation in GR - 1 neg / CD11b positive cells is an 
inoculated mice with two groups in each of the following : indication of an increase in non - suppressor type mononu 
IgG treated control mice with and without GA - RG ( 1 . 2 clear cells which is associated with less immune cell sup 
mg / dose ) on days 4 , 8 , 11 and 15 after inoculation ; mice pression that could be associated with a therapeutic effect on 
treated with aOX40 ( 250 mcg ) with and without GA - RG the tumor . 
( 1 . 2 mg / dose ) on days 4 , 8 , 11 and 15 after inoculation ; and 20 These results also suggest that the phenotype of mono 
mice treated with aCTLA4 ( 200 mcg ) on days 4 , 6 , 8 , 11 , 13 , nuclear cells / macrophages may be altered in the circulation 
and 15 after inoculation with and without GA - RG ( 1 . 2 and tumor microenvironment in tumor bearing mice with the 
mg / dose ) on days 4 , 8 , 11 and 15 after inoculation . combination therapy . 

FIG . 7 shows results of these treatments on tumor size at 
various times after inoculation . While treatment with 25 EXAMPLE 6 : Enhancement Efficacy in MCA205 
aOX40 , aCTLA4 , and GA - RG alone had some effect on the Tumors , a Sarcoma Tumor Cell Line , Following 
size of tumors , the combinations of aOX40 and aCTLA4 Co - Treatment with Anti - OX40 in Combination with 
with GA - RG had a much greater effect in decreasing the GA - RG 
tumor size at each time point out to day 25 after tumor 
inoculation . 30 In this example , experiments were performed in a synge 

The results of these experiments demonstrate that when neic model of mouse sarcoma cancer using MCA205 cells . 
mice are treated with aOX40 or aCTLA - 4 in combination The example includes four treatment groups of tumor 
with GA - RG there is significantly more shrinkage of breast inoculated mice with two groups in each of the following : 
tumors than with the drugs alone and an increase in survival . IgG treated control mice ( 250 mcg ; days 4 , 8 ) with and 

35 without GA - RG ( 2 . 4 mg / dose ) on days 4 , 6 , 8 , 11 , 13 , and 
EXAMPLE 4 : Enhancement of Survival and 15 after inoculation ; and mice treated with aOX40 ( 250 
Reduction in Lung Metastasis Following mcg ; days 4 , 8 ) with and without GA - RG ( 2 . 4 mg / dose ) on 

Co - Treatment with Anti - OX40 in Combination with days 4 , 6 , 8 , 11 , 13 , and 15 after inoculation . 
GA - RG FIG . 10A shows a marked decrease in tumor size over 

40 time when aOX40 is administered in combination with 
In this example , experiments were performed in a synge - GA - RG ( labeled as GR - MD - 02 in this figure ) with very little 

neic model of mouse breast cancer using 4T1 cells . tumor growth in the animals treated with the combination . 
The example includes four treatment groups of tumor FIG . 10B shows survival curves of the animals . There was 

inoculated mice with two groups in each of the following : a statistically significant improvement in survival in the 
IgG treated control mice with and without GA - RG ( 2 . 4 45 animals who received aOX40 in combination with GA - RG 
mg / dose ) on days 4 , 8 , 11 and 15 after inoculation , and mice ( labeled as GR - MD - 02 in this figure ) . 
treated with aOX40 ( 250 mcg ) with and without GA - RG This demonstrates that a similar effect is seen with sar 
( 2 . 4 mg / dose ) on days 4 , 8 , 11 and 15 after inoculation . coma tumor cells as with prostate and breast cancer cells , 
As shown in FIG . 8A , the mice treated with the combi - and in some aspects the effect is more robust than in those 

nation of aOX40 and GA - RG had a greater survival than 50 tumor models . 
mice treated with aOX - 40 alone . 

The number of lung metastases was evaluated in the EXAMPLE 7 : Expression of Galectin - 3 in Tumor 
animals using a clonagenic assay which evaluates the num Cell Lines 
ber of independent cell clones that grow out of homogenized 
lung . As shown in FIG . 8B , there was a 10 fold reduction in 55 The expression of galectin - 3 was assessed in tumor cell 
the number of lung metastases in the mice treated with the lines used in these experiments , as well as other tumor cell 
combination of aOX40 and GA - RG than mice treated with lines . 
aOX - 40 alone . FIG . 11A shows that there were significant amounts of 

These results show that mice treated with the combination galectin - 3 protein secreted into the culture media by mul 
of aOX40 and GA - RG had a greater survival than mice 60 tiple cell lines , with low or no secretion in NOP - 17 and SCN 
treated with aOX - 40 alone and that this effect may be related cell lines . Importantly , two of the cell lines that were used in 
in part to a reduction in metastatic disease . previous examples , 4T1 and TRAMP - C1 , secreted large 

amounts of galectin - 3 . These data show that there are 
EXAMPLE 5 : Alteration of Monocyte Populations different levels of expression of galectin - 3 in cell lines that 

65 may be related to drug efficacy . 
In this example , experiments were performed in a synge - FIG . 11B shows that there were significant amounts of 

neic model of mouse breast cancer using 4T - 1 cells . galectin - 3 protein in the whole cell lysates of multiple cell 
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lines , with low amounts in NOP - 17 and SCN cell lines . FIG . 13 shows that galectin - 3 deficient CD8 T cells 
Importantly , three of the cell lines that were used in previous exhibit reduced effector function following antigen stimu 
examples , 4T1 , TRAMP - C1 , and MCA - 205 , expressed large lation in vivo . FIGS . 13A - C show the phenotype of donor 
amounts of galectin - 3 . OT - I T cells in the spleen which was determined by flow 
Of note , the cell line that expressed the greatest amount of 5 cytometry on day 7 post - stimulation . Graphs depict the 

galectin - 3 , MCA - 205 ( FIG . 11B ) , was the most responsive mean from individual mice ( n = 4 / group ) from 1 of 3 inde 
to combination therapy with aOX40 and GA - RG ( Example pendent experiments ( * P < 0 . 05 ; * * P < 0 . 01 ) . 
6 ) . FIG . 14 shows that selected genes are down - regulated in 

These results further suggest that the response of tumors Galectin - deficient CD8 T cells . Wild - type or Gal3 - / - OT - 1 
to combination therapy with GA - RG is correlated with the T cells were adoptively transferred into wild - type hosts and 
level of expression of galectin - 3 . then stimulated with OVA . Four days later , lymph nodes 

were harvested and donor CD8 T cells were purified by cell 
EXAMPLE 8 : Dual Role of Galectin - 3 in T - Cell sorting . RNA was extracted from these cells and changes in 

Activation 15 gene expression were assessed using Affymetrix DNA 
microarray . FIG . 14A shows a graphical representation of 

Immunosuppression and reduced cytolytic function of several genes found to be down - regulated in Ga13 - / - OT - 1 
tumor infiltrating lymphocytes are major obstacles to creat - over WT . FIG . 14B shows the relative units and fold change 
ing effective therapies for patients . Galectin - 3 , a lectin for selected genes . 
family member , is expressed in numerous cancers including 20 . FIG . 15 shows that Galectin - deficient CD8 T - cells have 
breast and prostate . Moreover , it is expressed ubiquitously reduced CD25 and OX40 expression following antigen 
by prostate epithelia , macrophages , and activated lympho - stimulation . In vitro , naive purified wild - type or Gal3 - 
cytes . OT - 1 CD8 were stimulated with peptide - pulsed ( either 5 or 

Endogenous galectin - 3 promotes alternative macrophage 0 . 0005 micrograms / ml ) DC2 . 4 dendritic cells with or with 
activation and limits TCR - mediated CD4 T cell activation 25 out IL - 2 ( 100 ng / ml ) . Cells were harvested at 48 or 72 hrs 
which limits antitumor immunity . later to examine expression of CD25 ( IL - 2Ra ) or OX40 by 

Since the regulatory effects of galectin - 3 on inflammation flow cytometry . 
and CD8 T cell function remain unknown , experiments were FIG . 16 shows that galectin - 3 inhibition augments CD8 T 
done to examine this issue . cell effector function . Wild - type C57BL / 6 mice received 

It is hypothesized that galectin - 3 within the tumor 30 3x10e6 naive WT OT - I CD8 T cells ( iv ) on day - 1 . Donor 
microenvironment promotes tumor progression by nega OT - I T cells . Gal - 3 inhibitor , GR - MD - 02 ( a particular GA 
tively regulating the function of CD8 T cells . To test this , the RG ) ( white bars ) ( sq ; d0 , 1 ) . Seven ( FIG . 16A ) or 29 ( FIG . 
effects of endogenous galectin - 3 deletion in CD8 T - cells 16B ) days later the phenotype of donor cells in the periph 
were examined . eral blood or spleen , respectively , was determined by flow 

In vivo , antigen - specific Gal3 - / - CD8 T - cells exhibited 35 cytometry . There were no differences between groups for 
decreased effector function ( decreased proliferation , gran expression of Ki - 67 , Granzyme B , or KLRG - 1 . 
zyme B , IFN - gamma , and IL - 2 ) compared to wild type FIG . 17 shows that galectin - 3 inhibition with GA - RG 
( WT ) controls . ( GR - MD - 02 ) augments CD8 T - cell expansion when used in 

Analysis of differential gene expression in antigen - spe - combination with anti - CTLA - 4 in splenocytes isolated on 
cific Gal3 - / - or Gal3 + / + CD8 T - cells found that granzyme 40 day 29 as described above . 
B , CD25 , KLRG - 1 , and Blimp - 1 gene expression were These studies show that endogenous galectin - 3 deficiency 
reduced in Gal3 - 1 - CD8 T cells as compared to controls . decreased CD8 T cell proliferation and activation in 

In vitro studies demonstrated that antigen - specific response to antigen and decreased cytokine production . 
Gal3 - 1 - CD8 T cells had a significant reduction in CD25 Galectin - 3 deficient CD8 T cells have reduced KLRG , 
and OX40 expression . These data suggest a novel and 45 CD25 , IFNg , granzyme B , and FasL which are all increased 
surprising finding , namely that galectin - 3 has an important in effector CD8 . 
role in promoting CD8 T cell function , in contrast to its Galectin - 3 deficient CD8 T cells have reduced CD25 and 
inhibitory role in CD4 function . OX40 expression in vitro . CD25 expression can be rescued 

To assess the role for galectin 3 in the tumor microenvi - by addition of IL - 2 , while OX40 expression cannot be 
ronment , galectin 3 expression was examined within the 50 rescued by addition of IL - 2 . 
tumor using the TRAMP model of prostate carcinoma . Galectin - 3 inhibition in vivo using GA - RG ( also called 
Galectin 3 was expressed on macrophages and cancer cells GR - MD - 02 ) enhances CD8 T cell proliferation and activa 
within the tumor . tion in response to antigen . 

Galectin 3 inhibition with GA - RG ( GR - MD - 02 ) in vivo Therefore , it is appears that inhibition of galectin - 3 with 
augmented CD8 T cell expansion and CD62L expression , 55 an inhibitor that acts substantially or exclusively in the 
suggesting dual roles for Gal3 in CD8 T cell function . extracellular compartment has different effects than the 

FIG . 12 shows the phenotype comparison between naïve complete lack of galectin - 3 produced endogenously in 
Galectin - 3 deficient CD8 T cells and wild type ( WT ) CD8 T - cells . 
T cells by flow cytometry . FIG . 12A shows the baseline While this invention has been particularly shown and 
expression of phenotypic markers on naive CD8 and CD4 in 60 described with references to preferred embodiments thereof , 
WT , Gal3 - / - , WTOT - 1 , or Gal3 - / - OT - 1 mice was assessed it will be understood by those skilled in the art that various 
on untreated splenocytes . For CD8 and CD4 , the percent changes in form and details may be made therein without 
expression listed is the percent of live cells expressing either departing from the scope of the invention . All publications , 
CD8 or CD4 . FIG . 12B shows the model : Wild - type patents and sequence database entries mentioned herein are 
C57BL / 6 mice received 3x10e6 naive WT or Gal3 - 1 - OT - I 65 hereby incorporated by reference in their entirety as if each 
CD8 T cells ( iv ) on day - 1 . Donor OT - I T cells were individual publication or patent was specifically and indi 
stimulated with 500 mcg soluble OVA ( sq ; do ) . vidually indicated to be incorporated by reference . 
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The invention claimed is : the total carbohydrate molar content , the oligomer 1 , 4 - B - D 
1 . A method for treating cancer comprising : galactose of the primary branching represents between 6 to 
a ) obtaining a composition for parenteral or enteral 15 molar percent of the total carbohydrate molar content and 

administration comprising : the oligomer 1 , 5 - a - L - arabinose of the primary branching 
( i ) a galactoarabino - rhamnogalacturonate comprising a 5 represents between 2 to 8 molar percent of the total carbo 

1 , 4 - linked galacturonic acid ( GalA ) comprising methyl hydrate molar content , as characterized by gas chromatog 
galacturonate ( MeGalA ) residues backbone linked to raphy / mass spectrometry . 
branched heteropolymers of alternating oligomers of 4 . The method of claim 1 , wherein the galactoarabino 
a - 1 , 2 linked rhamnose and a - 1 , 4 - linked GalA residues , rhamnogalacturonate has an average molecular weight rang 
ine rnamnose residues carrying a primary branching of 10 mg Irom 20 kDa 10 10 KDA . 

5 . The method of claim 1 wherein the immune modulatory oligomers of 1 , 4 - B - D - galactose residues , 1 , 5 - a - L - ara 
binose residues , or combinations thereof , agent comprises an anti - OX40 , anti - CTLA - 4 , anti - PD - 1 

wherein the 1 , 4 - B - D - galactose and 1 , 5 - a - L - arabinose anti - PD - L1 , anti PD - L2 , antibody to 4 - 1BB / 4 - 1BBL , anti 
residues are present in a 2 : 1 to a 3 : 1 ratio , and wherein body to LAG - 3 , or a combination thereof . 
the galactoarabino - rhamnogalacturonate has a methyl 15 6 . The method of claim 1 wherein the immune modulatory 

galacturonate to galacturonic acid ratio ranging from agent comprises a monoclonal antibody , peptide , or agent 
2 : 1 to 1 : 2 , and capable of binding to CD80 , CD86 , ICOS ligand or a 

( ii ) a therapeutically effective amount of an immune combination thereof or a monoclonal antibody , peptide , 
modulatory agent in an acceptable pharmaceutical car agent capable of binding to CTLA - 4 , LAG - 3 or combination 
rier , wherein the immune modulatory agent comprises 20 
a monoclonal antibody , a peptide , or an agent capable 7 . The method of claim 1 wherein the immune modulatory 
of binding to lymphocyte co - stimulatory ligands or agent comprises a monoclonal antibody , peptide or other 
receptors , to lymphocyte inhibitory ligands or recep agent capable of binding to CD134 , CD27 , 4 - 1BB or com 
tors , to the tumor necrosis factor receptor ( TNFR ) bination thereof or capable of binding to OX4OL , CD70 , 
superfamily of receptors or to the tumor necrosis factor 25 4 for 25 4 - 1BBL or combination thereof . 

8 . The method of claim 1 wherein the immune modulatory receptor ( TNFR ) superfamily of ligands ; and 
b ) administering to a subject in need thereof an effective agent comprises a recombinant OX40L or agonists of OX40 . 

9 . The method of claim 1 wherein the immune modulatory dose of the composition , wherein the subject in need 
thereof has a malignant tumor , and wherein the effec agent comprises a monoclonal antibody capable of binding 
tive dose of the composition increases by at least 10 % 30 to PD - lig ncreases by at least 100 % 30 to PD - ligands . 
the activation of CD8 + T - cells , resulting in at least one 10 . The method of claim 1 wherein the immune modu 
of : latory agent comprises a monoclonal antibody , peptide or 

at least 10 % increase of tumor - antigen specific CD8 + agent capable of modifying the activation or function of 
T - cells , dendritic cells . 

at least 10 % decrease in the malignant tumor size , 11 . The method of claim 1 wherein the immune modula 
at least 10 % decrease in size of metastases , tory agent comprises a cancer vaccine , tumor - antigen 

at least a 10 % decrease in number of metastases , directed vaccine or a vaccine capable of treating or prevent 
ing an infectious disease . an increase in survival of the subject , or 

a reduction of total tumor burden , 12 . The method of claim 1 wherein the effective dose of 
when compared to a control subiect treated with the thera - 40 the composition results in at least 10 % increase of activation 
peutically effective amount of the immune modulatory agent of CD8 + as measured by granzyme B expression . 

alone , and 13 . The method of claim 1 wherein the effective dose of 
wherein the malignant tumor is one of gastrointestinal the composition results in at least 10 % increase of activation 

cancer , pancreatic cancer , bile duct cancer , sarcoma , of CD4 + as measured by Ki - 67 expression . 
myosarcoma , breast cancer , lung cancer , head and neck 45 45 14 . The method of claim 1 wherein the effective dose of 

the composition results in at least 10 % increase of GR - 1 cancer , mouth cancer , skin cancer , melanoma , kidney negative / CD1lb positive cells . cancer , urinary tract cancer , prostate cancer , testicular 
cancer , ovarian cancer , endometrial cancer , neurologi 15 . The method of claim 1 wherein the effective dose of 

the composition results in at least 10 % decrease of GR - 1 cal cancer , endocrine gland cancer , bone cancer , hema 
tological cancers , multiple myeloma , and myelofibro - 50 50 intermediate / CD11b positive cells . 
sis . 16 . The method of claim 1 wherein the galactoarabino 

2 . The method of claim 1 wherein the step of adminis rhamnogalacturonate inhibits galectin - 3 function and aug 
tering results in at least a 50 % reduction of the total tumor ments CD8 + T cell expansion and effector function . 
burden in the subject so as to treat cancer . 17 . The method of claim 1 wherein when the composition 

3 . The method of claim 1 wherein in the step of obtaining 55 18 btaining 55 is administered , the composition provides for a synergistic 
the galactoarabino - rhamnogalacturonate , the 1 , 4 - linked reduction of tumor size and / or increase in survival when 
galacturonic acid comprising methyl galacturonate residues compared to the reduction of the tumor size and / or increase 
backbone represents between 55 to 85 molar percent of a in survival provided by the administration of the immune 
total carbohydrate molar content , the branched heteropoly modulatory agent without the galactoarabino - rhamnogalac 
mer of alternating a - 1 , 2 linked rhamnose and a - 1 , 4 - linked 60 turo 
GalA residues represents between 1 and 6 molar percent of * * * * * 

turonate , 


